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Abstract 
 
Oviposition deterrence is common in many insects as an evolutionary mechanism to 
reduce subsequent larval competition.  We investigated a suspected case of oviposition 
deterrence by the paropsine chrysomelid, Chrysophtharta bimaculata.  In paired choice 
tests, gravid females were found to prefer ovipositing on host leaves without conspecific 
eggs, confirming the presence of an apparent oviposition deterrence mechanism.  
Washing egg batches in water, hexane or ethanol did not change this preference, 
suggesting that a soluble marking pheromone was not involved.  Furthermore, it is 
unlikely that a plant derived oviposition deterring substance is produced as beetles 
showed no significant oviposition preference between leaves which had been oviposited 
upon, but then had the eggs removed, and those that had never been oviposited upon. In 
trials using artificial leaves and mimic egg batches, ‘leaves’ with ‘egg batches’ placed 
near the tip of the leaf (the preferred site of oviposition in this species) were significantly 
less likely to be laid upon than artificial leaves where mimic eggs were placed away from 
the tip.  In combination, the results strongly infer that oviposition deterrence in C. 
bimaculata is due to the mechanical blocking of the oviposition site by the first laid egg-
batch, rather than a specific oviposition deterring cue.  The apparent oviposition 
deterrence in this insect may well be an outcome or evolutionary effect of oviposition-site 
selection, rather than a clear adaptive mechanism to decrease larval competition.   
Introduction 
 
The interaction between ovipositing insects and subsequent oviposition by conspecifics 
has been a major focus of research since the seminal paper of Rothschild & Schoonhoven 
(1977). To date, research has focused on the cues emitted by ovipositing insects, their 
eggs, or from the oviposition site, and the subsequent reaction of other gravid arthropods 
to those cues (Nufio & Papaj 2001). In the majority of these cases the cues act as an 
oviposition deterrent, resulting in egg/larval spacing and thus reducing competition of 
offspring for limited resources (Anderson 2002).  These cues can thus be accurately 
described as an evolutionary mechanism (sensu Williams 1966) to reduce competition.   
 
Conspecific deterrence through visual and chemical cues has been demonstrated for a 
large number of insect species across several orders (Anderson 2002). Cues include 
colour, (Rothschild & Schoonhoven 1977; Williams & Gilbert 1981; Pelletier 1995), 
chemical markers applied to eggs during or following oviposition (Raina 1981; 
Kozlowski et al. 1983; Klijnstra 1986), chemicals released by the egg itself (Gauthier & 
Monge 1999), chemicals in larval frass (Hilker & Klein 1989; Anbutsu & Togashi 2002) 
and larval secretions (Hilker 1989; Hilker & Weitzel 1991; Ruzicka 2001).  Changes in 
plant chemistry or exposure of chemicals following oviposition can also deter conspecific 
gravid females and may be induced through plant damage or as a response to the egg 
itself (Hilker et al. 2002 and references within).  Whether the use of such plant derived 
cues by the insect is an adaptive mechanism (ie the insect has evolved to recognize these 
new plant signals as a cue to avoid repeated oviposition), or simply an effect (ie the 
ovipositing insect no longer recognizes that host as a preferred oviposition site because 
the chemical profile of the plant has altered) is not clear in those papers which have 
studied this form of oviposition deterrence.  
 
For the chrysomelid Chrysophtharta bimaculata (Olivier), gravid females seem to prefer 
ovipositing on leaves without conspecific egg batches (authors’ preliminary field 
observations), suggesting the presence of oviposition deterring cues. These cues or even 
the ability of gravid females to perceive conspecific eggs have not, to our knowledge, 
been documented for any of the species found in the Paropsini, a tribe containing in 
excess of 400 species (Simmul & de Little 1999). Many paropsines do, however, show 
selectivity in their oviposition site choices particularly in terms of leaf age, and location 
on the leaf or shoot surface (de Little 1979). For C. Bimaculata, the tips of soft, 
expanding leaves are preferred (Steinbauer et al. 1998; Howlett et al. 2001; Howlett & 
Clarke 2003) but egg batches are occasionally deposited on mature leaves of host species, 
plastic artificial leaves (Howlett 2000; Howlett & Clarke 2003) and even on the walls of 
plastic containers when kept in captivity (authors pers. obs.).  
 
In contrast to many insects, preference for the leaf tip in C. bimaculata is not thought to 
be due to underlying chemical or other attributes, but simply because the leaf tip offers 
the insect greater purchase during oviposition (Howlett & Clarke 2003).  What factors 
might be driving oviposition deterrence, if indeed it occurs, is not, however, known.  
 
To determine the degree of discrimination that ovipositing C. bimaculata have against 
leaves with conspecific egg batches, and what cues may be driving this, a series of four 
experiments were conducted.  Firstly, gravid females were offered a choice between host 
leaves with and without conspecific egg batches to critically test for evidence of 
oviposition deterrence.  Secondly, to test for the presence of marking pheromones, C. 
bimaculata were offered a similar shoot choice after egg batches had been washed in 
either water, hexane or ethanol.  Thirdly, gravid females were offered a choice between 
host leaves without egg batches and host leaves where laid eggs had been removed, to 
test for possible plant chemical effects.  In the forth and final experiment, gravid C. 
bimaculata were offered a choice between artificial leaves containing mimic egg batches 
attached at the preferred oviposition site (leaf tip) or in a less preferred oviposition site 
(away from leaf tip) (Howlett & Clarke 2003), to test for a role played by physical 
blocking of the oviposition site. The use of artificial leaves and egg batches was to 
eliminate and standardise any potential chemical cues emitted by the leaf or egg batch 
(see Howlett & Clarke 2003 for a discussion on the use of artificial leaves).  
 
Materials and Methods 
 
All insect and plant material used for the study were collected from the Florentine Valley, 
Tasmania (42º39’S, 146º28’E). Shoots between one and two metres in length were 
lopped from three or four year old Eucalyptus regnans plantation trees. The shoot bases 
were submerged in water to a depth of approximately 20 cm to prevent foliage from 
dessicating.  At the laboratory, insect and plant material was stored in a 4ºC cool room 
and used in experiments within two days of collection.  The experiments were conducted 
in a 25ºC constant temperature glasshouse under natural light conditions. Experimental 
replicates were conducted in mesh cages (23 cm x 66 cm x 38 cm).  
 
Experiment one 
To assess whether the oviposition of C. bimaculata is influenced by conspecific egg 
batches, gravid beetles were provided with a choice of two Eucalypus regnans shoot 
treatments per cage on which to oviposit. The leaves of one shoot treatment contained 
naturally laid egg batches of 10-20 eggs within 20 mm of the leaf tip on one side, 
preferably both sides, of each leaf. The other shoot treatment consisted of  leaves that 
contained no egg batches.  Shoots used were pruned to 30 cm in length and contained 
from 10 to 12 expanding leaves. Each of 20 cage replicates consisted of a single 
treatment pair, with each pair matched to ensure equal leaf numbers, leaf size (leaves 
photocopied and area measured using a ∆TTM, Delta-T Devices, Area Meter both prior 
and following experiments) and leaf toughness [measured with a penetrometer (Sands & 
Brancatini 1991)].  Variability in these measurements  may influence C. bimaculata 
oviposition choice (Howlett 2000, Howlett et al. 2001) and thus may have biased trial 
results if varying across treatments.  In each cage, treatment shoots were positioned in 
opposing corners and 10 gravid C. bimaculata introduced. Beetles were left for 8 hours, 
then removed and oviposition recorded.  Trial design and layout was the same in 
experiments two and three except where otherwise noted. 
 
To test for the possible presence of water, ethanol or hexane soluble marking 
pheromone’s, the paired shoot design was repeated.  In this case, however, leaf tips for 
both treatments (with and without egg batches) were submerged into one of the solvents 
(distilled water, hexane, 100% ethanol) and agitated. For the water treatment, the leaf tip 
was agitated in a water bath for one minute, then placed in a second water bath for 30 
seconds to remove any diluted marking pheromone traces carried over from the first bath. 
For the hexane and ethanol treatments, leaves were agitated for 10 seconds in a first bath 
and then for five seconds in a second bath.  Twelve replicates of the water treatment and 
10 each of the hexane and ethanol treatments were run.  These solvents were chosen as 
many previously recognized marking pheromones or kairomones are soluble in at least 
one of these (eg Klijnstra 1986; Leonard et al. 1987; Boller et al. 1994; Anderson 2002). 
 
Experiment two 
To test for any possible changes in leaf structure or chemistry following oviposition 
which may subsequently have had an oviposition deterring effect, eight replicated shoot 
pairs were established as per experiment one.  However, in this experiment, the shoot 
with eggs had those eggs removed just prior to the running of the trial.  Eggs were 
removed gently using a scalpel blade to break the two bonds attaching each egg to the 
leaf.  In C. bimaculata, eggs are joined to the leaf surface by two, small, discrete bonding 
points, one at each end of the ovoid egg. 
 
Experiment three 
To examine whether physical blocking of the leaf tip by a conspecific egg batch might 
influence oviposition choice, gravid beetles were provided with a choice of artificial 
leaves with blocked versus unblocked leaf tips. Plastic mimic leaves (135.0 cm2/side) 
with similar dimensions to E. regnans leaves were used.  Howlett & Clarke (2003) found 
that C. bimaculata readily oviposits on artificial leaves and that like real E. regnans 
leaves, the leaf tip is the preferred oviposition site. The leaf tip was blocked using a piece 
of cardboard, the same length (30 mm), width (2.1 mm) and thickness (0.8 mm) of a 
typical C. bimaculata egg batch. These were stapled to the leaf on both sides at 10 mm 
before the leaf tip. These were compared against identical artificial leaves with the 
cardboard stapled midway between petiole and tip and 5 mm in from the leaf edge. Each 
replicate consisted of a single manually defoliated E. regnans branch on which the two 
artificial leaf types were tied in adjacent pairs along the shoots. Twelve treatment ‘leaf’ 
pairs were applied to each of 15 replicate branches. Each branch was then placed 
centrally within a cage along with 30 gravid C. bimaculata. Beetles were allowed to 
oviposit on the artificial leaves for 24 hours.   
 
Data analysis 
Egg batch counts for all experiments were log (n+1) transformed due to the correlation 
between means and variances. The egg batch counts for all wash and non-wash 
treatments in experiments 1 where combined in a randomised complete block design with 
cage as the block factor and shoots as the plots within each cage. All other experiments 
were analysed separately using paired student t-tests. All means presented are ± standard 
error.      
   
Results 
 
In experiment one, C. bimaculata deposited significantly more egg batches on leaves 
without conspecific batches (Fig 1a) (F1,48 = 51.38, P < 0.01), regardless of whether egg 
batches were washed or the type of solvent they were washed in (F3,48 = 0.51, P = 0.68). 
There was no significant difference in the number of eggs deposited with regards to 
whether eggs were washed in a solvent and the type of solvent used (F3,48 = 0.74, P = 
0.53). In experiment two, oviposition preference did not differ significantly between 
shoots where conspecific egg batches had been removed and shoots that never contained 
batches (Fig 1b). In experiment three, the treatment using artificial leaves with blocked 
tips received significantly fewer egg batches per replicate than the treatment with 
unblocked tips (Fig 1c)[t0.05 (2), 14 = 2.14, P(|t| ≥ 5.55) < 0.001].   
 
The other leaf variables measured in experiments one and two did not vary significantly 
between treatments. The overall means for experiment one were: initial leaf area (294.57 
± 9.57 cm2/side), final leaf area following experiment completion (234.94 ± 11.22 
cm2/side), leaf toughness (32.75 ± 0.29 gram pressure) and for experiment two: initial 
leaf area (294.80 ± 12.62 cm2/side), final leaf area following experiment completion 
(246.05 ± 11.67 cm2/side) and leaf toughness (32.10 ± 0.18 gram pressure)    These 
variables, being essentially the same between treatments were thus unlikely to have 
influenced C. bimaculata oviposition choice.  
 
 
Discussion 
Chrysophtharta bimaculata demonstrates a clear oviposition preference for leaves 
without conspecific egg batches (Fig 1a). This preference was not influenced by washing 
the egg batches in water, hexane or ethanol, standard solvents for marking pheromones 
suggesting that the presence of a marking pheromone does not explain this pattern.  We 
recognize that some marking pheromones can be highly stable (eg that of Rhagoletis 
indifferens (Curan), Mumtaz & Aliniazee 1983) and thus may not have been removed in 
our solvent washes.  However, a failure by Howlett (2000) to observe any of the 
behaviors characteristic of marking pheromone deposition by insects (Anderson 2002 and 
references within), and the results of our experiment here with mimic leaves and egg 
batches (discussed below), seem to negate the possibility that a solvent-stable marking 
pheromone causes oviposition deterrence in this insect.  Similarly, it seems unlikely that 
changes in plant chemistry, induced by eggs being laid upon a leaf, causes oviposition 
deterrence as leaves where egg batches had been removed were as likely to be laid upon 
as those that had never had eggs (Table 3). 
 
In an earlier study (Howlett & Clarke 2003), we demonstrated the importance of the leaf 
tip as the preferred oviposition site for C. bimaculata.  Round artificial leaves, of the 
same surface area as artificial leaves with tips, received significantly fewer eggs. We 
suggest that this was because of the mechanical need of beetles to grasp opposing leaf 
margins during oviposition.  In this study we have taken the work further by 
demonstrating that if a ‘leaf’ tip is blocked by the physical placement of a mimic egg 
batch, then those ‘leaves’ receive less eggs than matching ‘leaves’ where the mimic egg 
batch is located away from the tip.  By using mimic leaves and egg batches we eliminated 
any role played by real visual cues, beetle derived chemical cues, or plant derived 
chemical cues from influencing this pattern.  In conjunction with the experiments using 
real leaves and eggs, and our earlier studies, the combined results strongly suggest that 
the first egg batch laid physically limits access to the leaf tip by later females. With 
respect to egg placement, the outcome of this is apparent oviposition deterrence.  
 
Most known cases of oviposition deterrence have clearly demonstrated what appear to 
specific evolved mechanisms (eg marking pheromones) which are an evolutionary 
adaptation to reduce subsequent larval competition (Nufio & Papaj 2001).  For C. 
bimaculata, however, apparent oviposition deterrence is more likely, a product of 
ovipositional constraints rather than an evolved mechanism.  That is, oviposition 
deterrence is more likely an effect, caused by the evolved mechanism of oviposition site 
selection in this species (ie that suitable oviposition sites are restricted to leaf tips and 
will be physically blocked after the first egg batch is laid).  Although oviposition 
deterrence is unlikely to be an evolved mechanism in this species, the ecological 
outcomes for larvae may well be the same as for those arthropods that employ more 
elaborate, and clearly evolved deterrency mechanisms. 
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Fig 1.  Mean  number (± standard error) of Chrysophtharta bimaculata egg batches/cage 
deposited on (a) Eucalyptus regnans shoots containing conspecific egg baches versus 
shoots with no egg batches (b) on Eucalyptus regnans shoots where conspecific egg 
baches had been removed versus shoots with no egg batches (c) on artificial shoots where 
cardboard ‘egg batches’ had been attached to leaf sides versus ‘shoots’ were ‘egg batches 
had been attached to leaf tips.  Shoot treatment means [log (n+1 transformed)] are 
significantly different in (a) and (c) but not for (b). 
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